New tricyclic fused pyrazolines 8-21 have been synthesized by the reaction of 3-arylidenechromanones 1-4 and 3-arylidene-1-thiochromanones 5-7 with hydrazine in hot acetic acid or propionic acid solution. Structures of all new compounds have been elucidated by microanalyses, 1 H-and 13 C-NMR, IR and mass spectroscopic measurements.
Introduction
Pyrazolines are important nitrogen-containing heterocyclic compounds. Owing to their useful bioactivities, [2] [3] [4] increasing attention has been focused on this ring system. 2-Pyrazolines seem to be the most frequently studied pyrazoline type compounds. As a consequence, various methods have been used for their synthesis and their numerous representatives have been described in the literature. [5] [6] [7] An especially popular procedure is based on the reaction of α,β-unsaturated ketones with hydrazines to afford 2-pyrazolines. 6, 7 Synthesis of tricyclic fused pyrazolines by the reaction of exocyclic α,β-unsaturated ketones and hydrazines has also been studied by several research groups. 1, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] As a continuation of our activity on the investigation of the reaction of 
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Elemental analyses and mass spectroscopic data unambiguously proved the elemental composition of compounds 8-21. In the IR spectra a characteristic intense amide carbonyl band assigned between 1651 and 1672 cm -1 and a C=N band between 1593 and 1614 cm -1 refer to the formation of an N-acylated pyrazoline ring.
In the 1 H-NMR spectra (cf. Experimental Section) both the chemical shift values and the multiplicities of the signals unambiguously reveal the characteristics of a tricyclic pyrazoline ring system. As mentioned, we have succeeded to separate the diastereomers formed which made possible a reliable determination of the relative configuration of the two centres of chirality. This cannot be achieved solely on the basis of the coupling constant values of the protons attached to the C-3 and C-3a carbon atoms. For this reason, NOE measurements of compounds cis-8 and trans-8 have been performed. 31 The strong NOE observed between 3-H and 3a-H in the cis-8
( Fig. 1a) indicates the spatial proximity of the relevant atoms, correspondingly supports the cis orientation of the 3-H and 3a-H hydrogens. On contrary, the weak NOE detected between the 3-H and 3a-H in trans-8 (Fig. 1b) corroborates the trans arrangement of the respective atoms. The large upfield shifts of the 4-H eq and 4-H ax in the case of the cis-8 -0.5 and -0.9 ppm compared to the corresponding shifts of the trans-8, agrees also with the NOE-assigned relative configuration, viz. in the case of cis orientation of the 3-H and 3a-H in the cis-8 the 4-H atoms are placed above the plane aromatic ring experiencing the strong shielding effect of the ring current. The presence of a tricyclic pyrazoline ring system is corroborated by the chemical shift values of the aliphatic carbon atoms in the 13 C-NMR spectra (cf. Experimental Section). The chemical shifts of the carbon atoms of the acetyl and the propionyl groups also confirm the Nacylated character of the isolated pyrazolines.
On the basis of the literature data on the synthesis of 2-pyrazolines by the reaction of α,β-unsaturated ketones with hydrazines under acidic conditions, [32] [33] [34] we assume a plausible mechanism (Scheme 2) for the formation of compounds 8-21. As the first step, a hydrazone type intermediate is formed and a Michael type addition of its amino group provides the pyrazoline ring. According to previous experiences, 32 the hydrazones of the α,β-unsaturated ketones are so labile that they cannot be isolated. 32 In our present study, no such an intermediate could be detected or isolated. This mechanism is in accordance with the fact that in the course of the ring closure there is no stereoselection if acetic acid is used and the trans-and cis-diastereomers are obtained as 1:1 mixtures (Table 1 ). In case propionic acid was used as solvent, a minimum stereoselection was observed (Tabel 1).
Scheme 2
In summary, it can be concluded that we have succeeded to prepare pure 3,3a-trans-and 3,3a-cis-diastereomers of tricyclic fused pyrazolines by the reaction of 3-arylidenechromanones and 3-arylidene-1-thiochromanones with hydrazine hydrate in hot acetic acid or propionic acid as solvents followed by column chromatographic separation. This made possible an unambiguous characterization of these pyrazoline isomers by microanalyses and spectroscopic measurements. General procedure for the preparation of compounds 8-21 A mixture of the appropriate exocyclic α,β-unsaturated ketone (1-7, 10.0 mmoles), hydrazine hydrate (50.0 mmoles) and acetic acid (40 mL) or propionic acid (40 mL) was heated at reflux for 5 h, then poured into water. The precipitate was separated by filtration, washed with water and dried to obtain compounds 8-21 (Scheme 1 and Table 1 ). The trans-and cis-diastereomers were separated by column chromatography on Kieselgel 60 columns using toluene:ethyl acetate trans-2,3,3a,4-Tetrahydro-3-(4-chlorophenyl)-2-propionyl[1]benzopyrano[4,3-c 
